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P ositive directions of axes and angles (forces and moments are shown by arrows 
Axis Moment about axis Angle Velocities 
Force 
(parallel 
Sym- to axis) Sym-Designation bol symbol Designation bol 
LongitudinaL __ X X r olling- ____ L 
LateraL _______ Y Y pitc~ing---- M 
NormaL ______ Z Z yawmg----- N 
Absolute coefficients of moment 
L M 
O!= qbS Om= qcS 
Linear 
Positive Designa- Sym- (compo-
direction tion bol nent along Angular 
axis) 
Y-->Z rOlL ____ ! <I> u p 
Z-->X pitch _____ 0 v q 
X-->Y y aw _____ t/t w T 
Angle of set of control surface (relative to neu-
tral position), o. (Indicate surface by proper 
subscript.) 
4. PROPELLER SYMBOLS 
D, Diameter. 
p, Geometric pitch. 
p/D, Pitch ratio. 
VI, Inflow velocity. 
V., Slipstream velocity. 
. T 
T, Thrust, absolute coeffiCIent OT= pn2D4 
Q, Torque, absolute coefficient OQ= ~D5 pn 
P, Power, absolute coefficient Op= ~D5' pn 
, V 5 
0., Speed power coefficient = ~ ~n2 ' 
TJ, Efficiency. 
n, Revolutions per second, r. p. s. 
4>, Effective heli:o;;: angle = tan- l (2:n) 
5. NUMERICAL RELATIONS 
1 hp = 76.04 kg/m/s = 550 lb./ft. /sec. 
1 kg/m/s=0.013l5 hp 
1 mi.fhr. = 0.44704 m/s 
1 m/s=2.2369g mi·fhr. 
1 lb. = 0.4535924277 kg 
1 kg = 2.2046224 lb. 
1 mi. =1609.35 m=5280 ft. 
1 m = 3.2808333 ft. 
REPORT No. 400 
THE AERODYNAMIC CHARACTERISTICS 
OF A SLOTTED CLARK Y WING AS AFFECTED 
BY THE AUXILIARY AIRFOIL POSITION 
70965-31 
By CARL J. WENZINGER and JOSEPH A. SHORTAL 
Langley Memorial Aeronautical Laboratory 
1 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
NA VY BUlLDI G, WASHINGTON. D. C. 
(An independent Government establishment, created by act of Congress approved March 3, 1915, for the supervision and direction of tbe 
scientific study of tbe problems of flight. Its membership was increased to IS by act approved March 2, 1929 (Public, No. 908. 70th Coul;rP,SS) . 
It consists of members who are appOinted by the PreSident, all of whom serve as such without compeusation.) 
JOSEPH S. AMES, Ph. D., Chairman. 
President, Johns Hopkins University, Balt imore, Md. 
DAVID W. TAYLOR, D . Eng., Vice Chairman, 
. Washington , D . C. 
CHARLES G. ABBOT, Sc. D., 
Secretary, Smithsonian Institut ion, Washington D. C. 
GEORGE K. BuRG ESS, Sc . D ., 
Director, Bureau of Standards, Washington, D. C. 
ARTHUR B. COOK, Captain, United States Navy, 
Assistant Ch ief, Bureau of Aeronautics, Navy Department, Washington , D . C . 
WILLIAM F . D URAND, Ph . D ., 
Professor Emeritus of Mechanical Engineering, Stanford Un iver ity, California. 
JAMES E . FECHET, Major General , Uni ted State Arm y, 
Chief of Air Corps, War Department, Wa hington, D. C. 
HAURY F. GUGGE HElM, · M. A., 
The America n Amba sador, H abana, Cuba. 
WILLIAM P. MACCRACKEN, Jr., Ph. B. , 
Washington, D . C . 
CHAULES F. M AUVIN, M . E. , 
Chief, United States Weather Bureau, Washington , D. C. 
VYILLIAM A. MOFFETT, Rear Admira l, United States Navy, 
Chief, Bureau of Aeronautics, Navy Department, Washington, D . C. 
HENRY C. PRATT, Brigadier General, United States Army, 
Chief, Mai~riel Division, Air Corps, Wright Field , D ayton, Ohio. 
S. W. S1'RATTON, Sc. D ., 
Massachusetts Institute of Technology, Cambridge, Mass. 
EDWARD P. WARNER, M. S., 
Edi tor" Aviation," New York City. 
OnvlLLE \VRIGH1', Sc. D., 
Dayton, Ohio. 
GEORGE W. LEWIS, Director of Aeronautical Research. 
JOHN F. VICTORY, Secretary. 
H ENRY J . E. R EID, Engin eer in Charge, Langley M emorial Aeronautical Laboratory, Langley Field, Va. 
JOHN J . IDE, Technical Assistant in Europe, Paris, France. 
EXECUTIVE COMMITTEE 
JOSEPH S. AMES, Chairman. 
D AVID W. TAYLOR, Vice Chairman. 
CHARLES G. ABBOT. 
GEORGE K. BURGESS. 
ARTHUR B . COOK. 
JAMES E. FECHET. 
WILLIAM P . MACCRACKEN, Jr. 
CHARLES F. MARVIN . 
JOHN F. VICTORY , Secretary. 
WILLIAM A. MOFFETT. 
HENRY C. PRATT. 
S. W. STRATTO . 
EDWARD P. WAR ' ER. 
ORV ILLE WRI GHT. 
REPORT No. 400 
THE AERODYNAMIC CHARACTERISTICS OF A SLOTTED CLARK Y WING AS 
AFFECTED BY THE AUXILIARY AIRFOIL POSITION 
By CAUL J . "\VENZINOER and JOSEPH A. ,'aOR1'.\L 
SUMMA RY 
Aerodynamic jorce tests on a slotted Clark Y wing 
were conducted in the vertical wind tunnel of the Nationa l 
Advisory Oommittee jor Aeronautics to determine the 
be t position jor a given auxiliary airfoil with respect to 
the main wing. A sy tematic series oj 100 changes in 
location oj the au.riliary ai7joil were made to cove/' all the 
p7'obable usejul range oj lot gap, slot width, and slot 
depth. The results oj the investigation may be applied 
to the de ign 0/ automatic or controlled slots on wings 
with geometric characteristics imilar to the wing te ted. 
An increa e oj 41.5 per cent in the maximum lijt above 
that 0/ the plain wing was obtained for the slotted Cla7'k Y 
wing. At the same time, the angle of attackjor maximum 
lift was increa ed 13°. It wa jound that a maximum 
increase oj about 30° was pos ible in the highe t talling 
angle, but at a maximum lift coefficient lightly Ie than 
that oj the plain wing. However, with one slot po ition, 
an increa e oj 25°, together with an increa e in the maxi-
mum lift coefficient oj .~3 . 3 per cent, was obtained. The 
best positions oj the auxiliary ai7joil were covered by the 
range oj the te ts, and the po ition jor de ir d aerody-
namic characteristics may easily be obtai.ned jrom chart 
prepared especially jor the purpo e. 
I TRODUCTIO 
Latentl stability (lnd control up to large angle of 
attack form an importnnt part in the program of re-
em'cli relating to safety in [light no\\' being conducted 
by the K ational .\.dvi ory ommittee for . \.eronautics. 
A el'i of te t , comparing a larg number of de\-ice 
for obtaining lateral control and tability, ha been 
started in the atmospheric \\'ind tunnels. A wing with 
lots and aileron (one of the tandard form in COill -
mon use) will be te ted among the fir t, to en -e a n 
ba i of compal'i on for pecial d vice . 
By the use of slot , a large increase in the maximum 
lift coefficient is obtained and the angle of attack i 
raised con. iderably aboye that at which the plain wing 
would ordinarily tall . The lot preV"ent the ail' [l0\\-
over the wing from breaking a\\'ay at the u ual stalling 
peed, and so cause the wing to retain it lift and the 
controls to flmction normally. 
A tudy was made of the available data on slo tted 
wings, the development of which has been due largely 
to G. Lachmann and Handley Page. The study sho\\ ed 
that the totall'anges in geome tric characteristics of the 
A.uxiliaJ'Y airfoil had been ahou t a follow (re ferences 1 
to 12, inclusiV"e): 
Item 
Auxiliary airroil chord .. .• . .• .. ..•.. . 
Cut·oIL... ..... ....... . ... . . . . . ..... 
1\1aximum t.hickness.__ _ _ _ _ . _____ _ 
lot gap..... .......... . .. . ..... _ .... . 
lot width........ . ......... ' .......... . 
lot depth ....... .. . ..... . ... . 
, Thin plate: 2 Below ··C." 
;\Iaximum. ~1inimum. 
per cent per cent 
cbord chord 
. 0 
2.00 
2. 0 
3. i6 
Ii. 50 
14.00 
.34 
(I' 
(') 
2.0 
6.6 
'3.31 
I .\bove II C." 
Average 
of best 
results, 
per cent 
chord 
14. iO 
1. S 
2.50 
2.50 
13.00 
, 3.00 
The geometric variables of the auxiliary airfoil and 
mam wmg nre defined in Figure 1. All dimen ionR 
t -C::-Chord Ii"neof-
v 
Depth 
, main wing 
I 
/ ~. Cut-off 
Wldfh -
FIG tJlt£ l.- , '",uinble geomeLric' fnttors-s,loLteo Clnrk ~ .. wiug 
are O'i,-en a percentages of the main wing chord with 
the lot clo eel. 
The total range co \-ereci were large, but indi,idual 
te t each included only a mall portion of the total, 
and a a 1'e lilt the information obtained was inade-
quate to definitely determine the best slot for a given 
wing. I-Iowe\'er, from a con ideration of the effect of 
the geometric yariable on the highe t maximum lift 
obtainable it wa concluded that the bape and lze 
:1 
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of the auxiliary airfoil were not of great con equence, 
but that the position of a given auxiliary airfoil for 
be t results was fairly cri tical. Listed in the order of 
their efl'ectivene a regards position, i t appears that 
the factors are slot gap, slot ,~idth, and slot dep th . 
In order to obtain greater detailed information con-
cerning the effects of changes of the amiliary airfoil 
position, the investigation described in this repor t was 
undertaken. The best slot for the given main wing 
and auxiliary airfoil combination could then be found 
from the best aerodynamic characteristic obtained. 
The tes ts, which were made in the vertical wind tunnel 
(reference 13) of the ational Advisory Committee for 
Aeronautics, included all the probable u eful ranges of 
the auxiliary airfoil location. The results may be 
applied to tbe design of automatic or controlled slots 
for wings having geometric characteristics similar to 
those of the wing te ted. 
1) cal AuxlYiary airfoil (met al) l. : ViO .' ~fj/O i 
0 .... ~ ~ .. -/4. 7 
Main air foil (wood) 
6 vl. o,~ ~,., 
c; u 30 40 50 60 70 80 
1S.. 1.85 Stations, per cent chord 
90 lOa 
F IGUHE 2.-Profil e and ordinates of slotted Clark Y wing 
luailiary airfoil 
Stations I Ordinates 
From Upper Lower 
leadlDg surface surface 
edge 
Per cent Per cent Per cent 
chord chord chord 
O. 00 3. 50 3. 50 
1. 25 5. 45 1 93 
1. 85 .......• 1. 65 
2. 50 6. 50 <') 
5.00 7. 90 . ...... . 
7.50 . 85 .. .... .. 
10. 00 9.60 ...... .. 
13. 00 10. 27 10. 07 
M ain wing 
Stations Ordinates 
--
From Upper I Lower leading 
edge surface surface 
Percent Per cent Per cent 
chord chord chord 
1. 85 1. 65 1. 65 
2.50 <') 1. 47 5. 00 
--------
. 93 
7.50 .-. - ---- . 63 
10. 00 " iii~ ii7 ' . 42 13.00 
15.00 10.69 . 15 
20.00 11. 36 .03 
30.00 11. 70 
- ----- - -
M ain wing 
Stations I Ordinates 
Form U pper Lower leading 
edge surface surface 
Percent Per cent Per cent 
chord chord chord 
40.00 11.40 .-. _--- -
50.00 10.51 
--------
60.00 9.15 
----.---
65.00 8. 30 
-- --- --. 
70.00 7. 35 
---- ----80.00 5.22 
--------
90.00 2. 0 . -._----
95. 00 1. 49 
100.00 .12 I:::::::: 
1 Use radius of 15.0 par cent cfrom sta. 1. 5to sia. 13.00 and corresponding ordinates. 
2 Use radius of 20.0 per cent c from sta. 1.85 to sta. 13.00 and corresponding ord inates. 
METHOD AND APPARATUS 
When these tests were undertaken the vertical wind 
tunnel was the only tunnel available. As the test 
results were to be applied directly to the design of 
large wings that would be tested in the 7 by 10 foot 
horizontal tunnel, it was desirable that the te ts be 
made at the ame Reynolds Number in both tunnels. 
The air speeds were the same, so the wing chords were 
made the ame, 10 inches. However, the test section 
of the vertical tunnel being only 5 feet in diameter, a 
full-span wing of aspect ra tio 6 co uld not be used. A 
half-span wing was therefore used, the remaining half 
span being replaced by a " reflection" plane placed at 
the dividing line. This plane extended across the jet 
and several chord lengths upstream and downstream 
from the model position. It was mounted normal to 
the wing chord and to the wing span. 
As a result of the previous study of slotted wings, i t 
was decided to use an auxiliary airfoil based on the 
average dimensions of the best of those tested else-
where. Figure 2 shows the combination of auxiliary 
airfoil and main wing that was adopted. The chord of 
the auxiliary airfoil was 14 .7 per cent and the "cut-
off" (shown in fig, 1) was 1.85 per cent of the main 
wing chord. The trailing edge of the auxiliary air-
foil extended back 13.0 per cent from the leading edge 
of the whole wing. 
With the slot closed, the profile of the whole wing was 
that of a normal Clark Y. The upper surface of the 
auxiliary airfoil was therefore part of the profile of the 
nose of a Clark Y. Because of its small size, the aux-
iliary airfoil was made of aluminum alloy; the main 
wing wa built of laminated mahogany. In the con-
struction of the models, the ordinates were held accu-
rate to within ± 0.01 inch of those specified in Figure 2. 
To provide a support for the auxiliary airfoil, a thin 
plate was mounted on each end of the main wing as 
, hown in Figure 3. These plates were drilled with 16 
holes and fitted with slot as shown. A small plate 
containing two pin , one of which fitted any of the 
holes, and the other of which fitted the slots, was 
fastened to each end of the auxiliary airfoil. Thus, it 
was possible to vary either the width or depth of the 
wing slot, keeping the gap and one of the other vari-
ables constant. A movable, thin metal clip was hinged 
at the trailing edge of the auxiliary airfoil at midspan 
and fastened firmly to the main wing to prevent the 
auxiliary airfoil from deflecting appreciably under the 
applied air loads. 
Four sets of the drilled plate were designed so that 
the ranges of the variables of slot position were covered 
as follows: 
Slot gap- 1.5 to 3.5 per cent chord. 
Slo t width- 3.35 to 15.0 per cent chord. 
Slot depth- 3.5 above to 4.0 per cent chord below 
the main wing chord. 
The above total range wa investigated by 100 different 
positions of the auxiliary airfoil, in addition to the slot 
closed condition, so that the best aerodynamic char-
acteristics might be obtained. 
The set-up of the semispan wing with the reflection 
plane and other apparatus is shown diagrammatically 
in Figure 4. The drag forces were transmitted by two 
fine wires to a platform balance mounted above the top 
of the tunnel. One wire was fastened to the wing near 
the root, and the other wire was located I-chord length 
from the wing tip. These wires, which were parallel 
and vertical, passed inside two streamlined tubes ex-
tending through the upper set of tunnel guide vanes. 
The lift forces were transmitted by a system of rigid 
steel rods and ball-bearing bell cranks to two balances 
mounted on the tunnel test floor . The rod carrying 
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1110 t of the lift wa fasten ·d by a pin joint I-chord 
length from the wing tip. Two other rod were at-
tached behind the reflection plane near the wing root 
a shown in Figure 4, so a. to ba.lance the pitching mo-
ment of the 'wing and , in addition, to carry the re-
mainder of the lifting force. The e two rod were 
horizontal and were both perpendicular to the winO' 
span, being arranged to form a para.llellinkag system. 
The angle of attack wa changed by turning a mall 
gear me hed with a quadrant attached to the wing. 
The gear was fastened to a vertical rod forming one end 
of the abo,e-mentioned linkage system. The lift of 
the wing was giwn by the lim of the two lift balanc 
readings; in addition, rolling moment could be ob-
tained by taking the diff rence between the product 
of each balance reading and the appropriate moment 
firm. This system wa in talled so that the efl'ective-
differ en t combination. everal readings were taken 
at I -degree interval to coYer the region of minimum 
drag, and then the ma~imum lift was obtained in a 
imilar manner. T e ts were made also at a few inter-
mediate angles of attack in order to determine the 
hape of the lift and drag curves . 
The lift balance were nsitive to within 0.06 pound, 
and the drag balance 'wa sen itiye to within 0.03 
pound. The angle of attack etting wa accurate to 
± 0.1°, and the dynamic pres ure wa maintained con-
tant to within ± 0.5 per cent. From a compari on of 
the results of check te t , the variation between ,alues 
of the maximum lift was found to amount to about 
± l.0 pel' cen t. 
RESULTS 
The re uIts, uncorrected for tunnel wall effects, are 
presented a ahsolute coefficients of lif t and drag 
To drag 
balance 
Reflection plane .... 
..... . 
f 
................. 
--
--. 
To lift balance No. I 
....... Entrance cone 
· .. ·Bell crank 
To lift 
balance 
No.2 
Test floor 
F,GU HE -t.-Slotted Clark Y wing set-up in , erticnl tunnel 
ne of different methods of control could be te ted on 
the ame set-up, if de ired. 
TESTS 
The tests were all made at a dynamic pre sure of 
16.37 pound per square foot , orresponding to an ail' 
peed of 0 miles per hOllr at tandard atmospheric 
condition. The Reynold Jumber , ba cd on the 
wing chord of 10 inche , was 609,000. The angle of 
attack range varied from - GO to as high as + 46°, 
depending on the talling anO'le of the slo t combination 
being te ted. 
Force tc ts were made with the auxiliary airfoil 
crewed tight to the main wing and faired with plasti-
cine, as a basis for compari on between the 1'e ults of 
the plain winO' and tho e with the lot open at the 100 
CCL and Cn ) , in tabular and in chart form. The lift 
and drag coefficient, CL and Cn , plotted ag!lln tangle 
of attack for tbe various auxiliary airfoil pos~tion are 
hown in Figures 5 to 24, inclusive. The '''-Jng area 
with the lo t closed was used as the basic area in the 
calculations of CL an d Cn from the e te ts. Each 
figure gives the 1'e ults with lot clo ed and faired and 
wi th he different lot " 'idth at a given slot depth 
and constant slo t O'ap. ,Yi th this combination a series 
of four figure cover the result for one slot gap con-
dition. Table I to V, inclusin, give the valLIe of 
the maximum lift coefficient CCL max) and tbe cor-
re ponding yalLle of the angle of attack for ma},:i.m Llm 
lift CacL m ax) for all tbe auxiliary airfoil positions. 
Contours of the maximum lift coefficients and of tbe 
corre ponding angle of a ttack for maxim um lift 
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obtainable at given positions of the auxiliary airfoil 
with respect to the main wing are given in Figures 25 
to 29, inclusive. Each contour line connects points 
of equal value of the maximum lift coefficient or of 
angle of attack for maximum lift. If the cut-off point 
(point X , figs. 25 to 29) of the auxiliary airfoil is 
placed at the position for a desired CL rna"" the cor-
responding value of the angJe of attack for maximum 
lift will be given by the same po ition on the contours 
of (XCL ma x. Each figure thu shows the po sible com-
binations of maximwn lift coefficient and correspond-
ing angle of attack for maximum lift obtainable for 
any slot condition with a constant slot gap. 
The best obtainable values of the maximum lift 
coefficients and of the highest angles of attack for 
maximum lift at given lot gaps, depths, and best 
widths are recorded in T able VI. The highest values 
of the maximum lift coefficients are tabulated first, 
followed by the corresponding values of the angle- of 
attack for maximum lift . Then the highe t values 
of the angles of attack for maximum lift are given, 
followed by their corresponding values of the maximum 
lift coefficient. The curve of highest maximum lif t 
coefficient are hown in Figure 30 and the curves of 
highest angles of attack for maximum lift are glVen 
on Figure 31. 
DISCU SION 
Although the e test were not made at full scale, the 
scale effect is probably mall becau e the Reynold 
umber is relatively large (609,000) and above the 
critical range. This value i about one-third of that 
for an ordinary small airplane while landing, the con-
dition for which the results are of particular interest. 
The discu sion of the results has been divided into 
four main parts : F irst, a o-eneraldiscussion of the effect 
of changes in the auxiliary airfoil position on the 
curves of lift and drag coefficient; second, a eli cussion 
of the effects of the po ition of the auxiliary airfoil 
on the maximum lift coefficients ; third, the effects of 
the auxiliary airfoil location on the angles of attack 
for maximum lift; fourth, the choice of the optimum 
position of the auxiliary airfoil. 
General.- The shapes of the CLU'ves of lift and drag 
coefficients are affected by changes in the slot widths 
for given slot depth ( lo t gap con tant) a shown in 
Figures 5 to 24, inclusive. It will be noted that large 
increa es in the maximum lift are possible under 
certain conditions, and that under certain other 
condition large increases in the angle of attack for 
maximum lift are obtainable. It can be seen that 
ome of the lift coefficient curves are well rounded at 
the peaks, while others drop off quite sharply after 
the maximum has been reached. Up to the tailing 
angle of the wing with slot closed, it should be noted 
that the lift coefficient at a given angl of attack is 
generally somewhat lower for the wing with slot open 
than for the one with slot closed. The charts indicate 
also that the slopes of the lift coefficient curves for the 
slot open arrangements are, in general, somewhat 
increased by increa ing the slot width at a given 
depth (slot gap constant). The tendency is to ap-
proach the curve for the wing with slot closed. (ee 
figs. 5 to 24, inclusive.) 
Although the tests were made with the view of 
applying the results to automatic slots, it may be 
noted that the w"idest lot width gives, in general, the 
highest drag values in the vicinity of zero lift. The 
drag values in this region are also increased by locating 
the auxiliary airfoil below rather than above the chord 
line of the main wing. However, at the high angle 
of attack between 24 0 and the stalling angle of the 
slotted wing, the drag of the slotted wing is lower than 
that of the wing with lot closed. (Figs. 5 to 24 
inclu ive.) An increase in the slot gap, other factors 
remaining the same, i also accompanied by an in-
crease in the drag for the above range of angle of 
attack. 
Maximum lift coefficient.- The manner in which 
the maximum lift coefficients are affected by change 
in the aU),.rjJiary airfoil po ition may be een by refer-
ence to the contours of CL max' (Figs. 25 to 29, 
inclusive.) It will be noted that, for a constant lot 
gap, there is a best po ition of the auxiliary airfoil to 
give the highest maximum lift ccefficient. In this 
position the no e of the auxiliary airfoil is below and 
well forward of the no e of th main wing. Further 
displacement of the auxiliary airfoil (slot gap con-
stant) back and upwards or down and forwards cau e 
only small ch anges in the maximum lift coefficients for 
considerable displacements. 
As the lot gap is increa ed, the no e of the auxiliary 
airfoil mu t be raised to obtain the highe t maximum 
lift coefficient, while the distance out from the main 
airfoil varies somewhat but not in a clearly defined 
manner. Changes in the slot gap cause no appreciable 
differences in the highest maximum lift coefficient 
obtainable (fig. 30), the variations falling practically 
within the experimental error of the te ts. 
The largest increase in the maximum lift coefficient , 
from 1.297 ( lot closed) to 1.835 (highest recorded), 
indicates an obtainable gain in the maximum lift 
coefficient of 41.5 per cent for the lotted Clark Y wing. 
This value compares favorably with previous resul ts 
on slotted medium-thick wings in which increases up 
to 40 per cent were obtained. (Reference 3.) 
Angle of attack for maximum lift.- There is a be t 
position of the auxiliary airfoil (slot gap constant) for 
the highe t angles of attack for maximum lift. (Fig. 
25 to 29, inclu ive.) This best position, however, i 
con iderably different from that for the highe t 
maximum lift coefficient. For the highest angles the 
nose of the auxiliary airfoil i found to be well below 
but clo e in to the nose of the main wing. Displace-
ment of the auxiliary airfoil either upward or outward 
" 
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from the best po ItlOn decrea e the angle of attack 
for ma>..TInum lilt . The highe t angle of attack foJ' 
maximum lift are obtaincd with the largest lot gaps. 
( ee fig. 31.) 
The highest angle of attack for maximum lift ob-
tained in thi erie of te t wa 45° (figs. 2 and 29) a 
compared with the highest of 29° found in one of the 
10 
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~ 6 
'6 
on the highe t maximum lift coefficien t and greatest 
angle of attack for maximum lift that thc e two values 
are not obtained simul taneously. A compromi e 
must therefore be effected. 
As mentioned previously, change in the lo t gap 
over the range te ted have li ttle effect on the high e t 
values of the maximum lift coefficien t. The highe t 
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chord, and the slot depth i 4.0 per rent bord belol\ 
the main wing chord. The corresponding angle of 
attack for maximum lift i found to be abou t 2 ° 
- 4 
-6 
16~~/4L-~~~~/~0--8~~6--~4--~2~0 
Width , per cent chord 
i\Jaximum lift cormcient, Cz.. mu . ~\ngle of a.ttack Cor rn8\imum lift, <XC
L 
m(JZ. 
FIGU HE 29.-LoclIS or poin t X to obta in \'ariolls airfoil characteristics. Cl ap =3.5 PCI' cent c 
pan slot, th y may be considered in thc rflsc of 
" 'i:ng-tip 10L in order to obtain the required latcJ'a] 
tability. 
Ch oice of optimum position of the auxiliary airfoil.-
The choice of the aux-iliary airfo il position i dependen t 
upon the 1110 t desired aerodynamic characteri tic of 
the slotted wing. It is evident from the di Cll ion of 
the efl'e t of change in the auxiliary airfoil po ition 
Figure 1 al 0 show the above geometrical Il lTll nge-
men t to scale. 
A high maximum lift coefficient, together with a 
high angle of attack for maximlll1 lift., may be ob-
tained with a larger lot gap than that above. ing 
a slot gap of 3.0 per cent chord (fiO'. 2 ), it may be 
een, for example, that a maximum lift coefficien t of 
1.60 is obtainable with a corresponding angle of a ttack 
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for maximum lift of 40°. These value are for a 
position of the aUlI:iliary airfoil at a slot width of .0 
per cent chord and a lot depth of 3.6 pel' cent chord 
below the main wing chord. 
CONCLUSIONS 
l. The best auxiliary airfoil locations, based on tbe 
highe t maximum lift, have been found for the slotted 
wing tested, but the locations for bighe t maxim urn 
lift coefficients and higbest angles of attack for maxi-
mum lift are not coincident. 
2. An incre's e of 4l.5 pel' cent in the maXUIlum 
lift coefficient from the slot closed to the be t open 
1.90 
I.BO 
)--~ /  
-
, " ;r" .l' · · ·~- · ·~r" ) , 
, x 
, 
, ~<~ , , 
, , / 1.70 
, , 
./ 
It' 
,I 
/ , 
, 
I 
1.50 
Slot depth 
1.40 r---
o ------ 3.5 %c. Above chord 
f--- + ------------- 1.0 %"" " 
6 ----- 1.5 %" Below u 
_X -----4.0% " u " 
- Maximum for given 
I slot gop 
'", I Slot closed 
1.30 
I I 
o ~o eo ~o ~o 5.0 
Slot gop, per cent chord 
FIGURE 30.-EfIect of slot gap Oll highest CL mo<. for a gh'cn slot depth 
positions was obtained for a slotted Clark Y winO', 
with a corresponding increase of about 13° in the 
angle of attack for this maximum lift. 
3. An increase of 30° in the angle of attack for 
maximum lift was attained with the given main wing 
and auxiliary airfoil combination, although at a ma:,:i-
mum lift coefficient lightly lower than that of the 
plain wing. 
LANGLEY 11 EMORIAL AERONAUTICAL LABORATORY, 
NATIONAL ADVISORY COMMITTEE FOR AERONAU'l'IC 
LANGLEY FIELD, VA., JJay 27,1931. 
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TABLE I 
SLOTTED CLARK Y CHARACTERISTICS. SLOT 
GAP= 1.50 PER CE T CHORD 
IO-in. chord . 80 m. p. h . R. N.=609,ooo 
Gap, \ Depth, \ Width, 
"CLm .. ! per cent per cent per cent CLI'ItO% 
chord cbord cbord degrees 
------ --
lot closed 1. 297 15. U 
1. 5 3.5 3.4 1. 519 23.0 
1. 5 3. 5 6.0 1. 527 19.0 
1.5 3.5 9. 0 1. 355 15. 0 
1. 5 3. 5 12.0 1. 073 10. 0 
1.5 3.5 15. 0 1.041 25.0 
1. 5 1.0 3. 4 1. 290 29.0 
1. 5 1.0 6.0 1.671 25.0 
1.5 1.0 9. 0 1. 645 21. 0 
1. 5 1.0 12.0 1. 421 16.0 
1. 5 1.0 15. 0 1. 164 21. 0 
1. 5 -1.5 3.4 1. 248 35.0 
1. 5 -1. 5 0.0 1. 635 32.0 
1. 5 -1..1 9.0 1. 781 27.0 
1. 5 -1. 5 12.0 1. 621 21. 0 
1. 5 - 1.5 15. 0 1. 302 14.0 
1. 5 -4.0 3.4 1.29 41. 0 
1. 5 -4.0 6.0 1. 582 39.0 
1. 5 -4.0 9.0 1. 820 32.0 
1.5 - 4.0 12.0 1. 757 24.0 
1. 5 -4.0 15. 0 1. 558 19.0 
TABLE II 
LOTTED CLARK Y CH ARA CTERISTI CS. SLOT 
GAP = 2.0 PER CENT CHORD 
lO·in. chord. .=609,000 
0." I U",", j W;"", «cLm t'l:t per cent per cent per cent CLrnaz 
chord chord chord degrees 
------ --- ---
lot close 1. 297 15. 0 
2. 0 3. 5 3. 4 1. 4 2 24.0 
2.0 3.5 6. 0 I. 630 21. 0 
2.0 3.5 9. 0 1. 451 16. 0 
2.0 3.5 12.0 1. 200 1 . 0 
2.0 3.5 15. 0 1.100 19. 0 
2.0 1.0 3.4 1. 292 30.0 
2. 0 1.0 6.0 1. 684 27.0 
2.0 1.0 9.0 1. 736 22.0 
2.0 1.0 12.0 1. 500 17. 0 
2.0 1.0 15. 0 1. 239 21. 0 
2.0 -1.5 3.4 1. 249 36.0 
2.0 -1.5 6.0 1. 542 34. 0 
2.0 -1.5 9.0 1. 05 27.0 
2.0 -1.5 12. 0 1. 705 22.0 
2.0 -1. 5 15. 0 1. 440 16. 0 
2.0 - 4. 0 3.4 1.295 42. 0 
2.0 - 4.0 6.0 1. 565 40.0 
2.0 - 4.0 9.0 1. 675 35. 0 
2.0 - 4. 0 12.0 1. 35 28. 0 
2.0 - 4. 0 15. 0 1. 635 21. 0 
TABLE III 
SLOTTED CLARK Y CHARACTERISTICS. SLOT 
GAP=2.5 PER CENT CHORD 
100in. chord. 80 m. p. h. R. N .=609,ooo 
-
Gap, I Depth, i Width, per cent per cent per cent CL mO% OteL mIn: 
chord chord chord degrees 
------1---
Slot closed 1. 297 15.0 
2.5 I 3.5 3.4 I. 329 26.0 2.5 3.5 6.0 1. 657 23.0 2.5 3 . .5 9.0 1. 599 19. 0 
2.5 3.5 12. 0 1. 300 18.0 
2.5 3.5 15. 0 1. 183 18.0 
2. 5 1.0 3. 4 1.253 31. 0 
2. 5 1.0 6. 0 1. 586 30. 0 
2.5 1.0 9.0 I. 780 24.0 
2.5 1.0 12.0 1. 645 19. 0 
2.5 1.0 15.0 l. 293 22.0 
2.5 -1. 5 3.4 1. 270 37.0 
2. 5 -1.5 6. 0 I. 510 35.0 
2.5 -1. 5 9.0 I. 769 27.0 
2.5 -1.5 12.0 1. 81 24.0 
2.5 -1.5 15.0 1. 580 18.0 
2.5 -4.0 3.4 1. 290 44.0 
2.5 
I 
-4.0 6.0 1.520 41. 0 
2.5 -4.0 9.0 1. 641 36.0 
2.5 -4. 0 12.0 1.804 25. 0 
2.5 1 - 4.0 15.0 I. 733 22.0 
TABLE IV 
SLOTTED CLARK Y CHARACTERISTIC 
GAP = 3.0 PER CENT CHORD 
10·in . chord. 80 m. p. h. R . T.=609,ooo 
I 
Gap, I De~1 Width, " per cent per cent per cent CL ".. c L m .. 
~I~~___ degrees 
Slot closed 1. 297 15.0 
3. 0 3. 5 3. 4 I. 305 2 . 0 
3. 0 3.5 6.0 1. 675 25.0 
3. 0 3. 5 9. 0 1. 690 20. 0 
3.0 3.5 12.0 1. 39 21..0 
3. 0 3.5 15.0 1.258 20.0 
3. 0 1. 0 3. 4 33. 0 
3. 0 I. 0 6. 0 32. 0 
3. 0 1. 0 9. 0 26. 0 
3.0 1.0 12.0 20.0 
3. 0 1. 0 15. 0 15. 0 
3. 0 - I. 5 3. 4 1. 285 39. 0 
3. 0 -1.5 6. 0 1. 505 38.0 
3.0 -1.5 9.0 1.644 33.0 
3.0 -1.5 12.0 1.800 25.0 
3. 0 -I. 5 15. 0 1. 672 20. 0 
3.0 -4.0 3.4 1. 262 45.0 
3.0 -4.0 6. 0 1. 431 43.0 
3.0 -4.0 9.0 1. 660 39.0 
3.0 -4.0 12.0 1.659 23.0 
3.0 -4.0 15.0 1. 758 24.0 
TABLE V 
SLOT 
SLOTTED CLARK Y CHARACTERI TICS. SLOT 
GAP = 3.5 PER CE T CHORD 
IO-in . chord. 80 m. p. h. R. N.=609,ooo 
Gap, I Deptb, I Width, act. moz per cent per cent per cent Ct. ,"n 
chord chord chord degrees 
------.------
lot closed 1. 297 15.0 
3.5 I 3.5 3.4 1. 25 28. 0 3. 5 3.5 6. 0 I. 647 26. 0 3.5 3.5 9.0 1. 760 22.0 
3.5 3. 5 12.0 1. 517 16.0 
3.5 3. 5 15. 0 1.324 20.0 
3.5 1.0 3.4 1. 255 34.0 
3. 5 1.0 6.0 1. 476 33.0 
3.5 1.0 9.0 1. 747 2.0 
3.5 1.0 12.0 l. 790 22.0 
3.5 1.0 15. 0 1. 512 16.0 
3.5 -1.5 3.4 1. 283 41.0 
3.5 -1.5 6.0 1. 451 38.0 
3.5 -1. 5 9.0 1. 627 34.0 
3.5 - 1. 5 12.0 1.70 26.0 
3. 5 -1. 5 15.0 1. 752 21. 0 
3.5 -4.0 3.4 1. 230 45.0 
3. 5 -4.0 6.0 1.481 42. 0 
3.5 -4.0 9.0 1. 64 1 39. 0 
3.5 -4.0 12. 0 1. 635 34.0 
3. 5 -4.0 15.0 1. 711 22. 0 
TABLE VI 
HIGHEST CLMAX , AN D HIGHEST aCL"Ax 
(Slot width varied to give maximum values ror given slot depth) 
SLOTTED CLARK Y WI G 
10-in. chord. 80 m. p. h. R. N.=609,ooo. 
Slot Slot Slot Slol lligbest gap, deptb, widtb, Highest ct.CL mOl! width, per per cent per cent eLmu degrees per cent OlCL mar CL IfI 02: cent chord cbord cbord degrees cbord 
----- ---------
---------
1. 5 3.5 5.0 1. 555 21.8 3. 4 23.0 1. 518 
1. 5 1.0 7.0 1. 696 23.6 3.4 29.0 1. 290 
1. 5 -1.5 8.0 1. 790 28.2 3.4 35.0 I 1. 290 
1.5 -4. 0 10.0 1.825 30.7 4.0 41. 2 1. 350 
2.0 3.5 6.0 1. 630 23.5 ~: ~ 24.0 I. 535 2.0 1.0 .0 1. 773 25.0 30. 2 I. 317 
2.0 - 1..' 10.0 1. 10 28. 4 4.0 36. 4 I. 295 
2.0 -4.U 12.0 11. 835 28.0 3.4 42.0 1. 300 
2 .. 5 3.5 7.0 1. 670 21. 7 3.9 26. 2 1. 410 
2.5 1.0 9.0 I. 7 0 24.4 4.2 31. 6 1. 315 
2.5 -1.5 11.0 1.825 24.5 4.0 37.6 1. 292 
2.5 -4.0 13. 0 1. 830 23.0 3.4 44.0 1.290 
3.0 3.5 8.0 1. 710 21.2 4.0 28.4 1. 350 
3.0 1.0 10.0 1. 7 5 24.0 3.8 35.0 1. 281 
3.0 -1.5 13.0 1. 815 23.0 4.4 39. 7 1. 310 
3.0 -4.0 15. 0 1. 755 22.0 3.4 J 45. 0 1.260 
3. 5 3.5 .0 I. 775 23. 5 3.4 28. 0 I. 285 
3. 5 1.0 11.0 l. 10 24.0 4.4 34.5 1. 310 
3. 5 -1.5 13.0 1. 05 24.0 3.4 41. 0 1. 281 
3.5 -4.0 15.0 I. 710 22. 0 3.4 J 45. 0 1. 232 
I llighest maximum valnes . 
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Length ______ _ 
Time ________ _ 
Force _______ _ 
Symbol 
l 
t 
F 
AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 
Metric 
Unit 
meter _________________ _ 
second ____ ____________ _ 
weight of one kilogram __ _ 
Symbol 
m 
s 
kg 
English 
Unit Symbol 
foot (or mile) _ _ _ _ _ _ _ _ _ ft. (or mi.) 
second (or hour) ------- sec. (or hr.) 1-. 
weight of one pound___ lb. 
Power ___ __ __ _ P kg/m/s_ ___ _ _______ ___ _ _ ____ __ _ __ _ horsepower __________ _ 
Speed __________________ {krn/h___________________ k. p. h. mi./hr. ______________ _ hp 
m/s____________________ m. p. s. ft./sec. ______________ _ 
2. GENERAL SYMBOLS, ETC. 
m. D. h. 
f. p: s. 
W, Weight=mg mk2, Moment of inertia (indicate axis of the 
radius of gyration k, by proper sub-
script). 
g, Standard acceleration of gravity = 9.80665 
m/s2 = 32.1740 ft./sec. 2 
fiT 
m, :Mass=-g 
p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-4 
s, 
Sw, 
G, 
b, 
Area. 
Wing area, etc. 
Gap . 
Span. 
S2) at 15° C. and 750 mm = 0.002378 C, Chord. 
(lb.-ft.-4 sec.2) . b2 
Specific weight of "standard" air, 1.2255 S' Aspect ratio. 
kg/m3 =0.07651 Ib./ft.3• j.L, Coefficient of viscosity. 
3. AERODYNAMICAL SYMBOLS 
r , 
q, 
L, 
v, 
Do, 
0, 
R, 
True air speed. 
Dynamic (or impact) pressure=~ p V2. 
Lift, absolute coefficient OL= q~ 
Drag, absolute coefficient OD= {:; 
Profile drag, absolute coefficient ODD = ~S 
Induced drag, absolute coefficient ODt=~S 
Parasite drag, absolute coefficient OD p = ~S 
Cross-wind force, absolute coefficient 
o 
CO=qS 
Resultant force. 
tID, Angle of setting of wrngs (relative to 
thrust line). 
'/," Angle of stabilizer setting (relative to 
thrust line). 
Q, Resultant moment. 
12, Resultant angular velocity. 
Vl 
p--:- ,Reynolds Number, where l is a linear 
j.L 
a, 
E, 
a o, 
at, 
aa, 
'Y, 
dimension. 
e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, at 15° C., the 
corresponding number is 234,000; 
or for a model of 10 cm chord 40 mis, 
the corresponding number is 274,000. 
Center of pressure coefficient (ratio of 
distance of c. p. from leading edge to 
chord length). 
Angle of attack. 
Angle of downwash. 
Angle of attack, infinite aspect ratio. 
Angle of attack, induced. 
Angle of attack, absolute. 
(Measured from zero lift position.) 
Flight path angle. 
